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FIELD OF THE INVENTION 

The invention relates to an apparatus for reading and/or writing data from and 
/or onto a data carrier, said data carrier containing wobbled tracks, said apparatus having 
scanning means for scanning said tracks, detection means for detecting at least two 
5 elementary signals when scanning said tracks, and wobble recovery means for generating a 
wobble signal from said at least two elementary signals. 

The invention also relates to an optical unit having scanning means for 
scanning wobbled tracks of a data carrier, detection means for detecting at least two 
elementary signals when scanning said tracks, and wobble recovery means for generating a 
10 wobble signal from said at least two elementary signals. 

The invention also relates to a wobble processing method for processing a 
wobble signal generated from at least two elementary signals detected by scanning a wobbled 
track of a data carrier. 

The invention also relates to a program comprising instructions for 
1 5 implementing such a wobble processing method when said program is executed by a 
processor. 

The invention applies to any data carrier format using wobbled tracks. For 
example, it applies to inscribable and re-inscribable optical discs in which the tracks are 
wobbled, like DVD+RW, DVD+R, DVD-RW, Blu-Ray . . . 

20 BACKGROUND OF THE INVENTION 

US patent n° 5,63 1,892 deals with the deterioration of the wobble/noise ratio 
due to a deviation in the positioning of the detector. A solution is described to cancel the 
resulting noise. It consists in adjusting a weighting ratio between the two signals that are 
detected and that contribute to the wobble signal so as to make the DC component of the 
25 wobble signal equal to zero. This solution is based on the assumption that the noise 

component in the wobble signal is proportional to the deviation of the detector position. 
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This assumption cannot be held for some types of aberrations that also lead to 
radial asymmetry in the two halves of the detector, and therefore to a leakage of data in the 
wobble signal. 

An object of the invention is to propose a solution for eliminating the noise of 
various origins in the wobble signal, notably the high-frequency data leakage into the wobble 
signal due to radial asymmetry introduced in the diffraction pattern on the detector, whatever 
the reason for this radial asymmetry. 

SUMMARY OF THE INVENTION 

This is achieved with an apparatus for reading and/or writing data from and/or 
onto a data carrier as claimed in claim 1, with an optical unit as claimed in claim 5, with a 
wobble processing method as claimed in claim 8, and with a program as claimed in claim 11. 

The invention uses at least one adaptive filter for filtering the elementary 
signals that are detected by said detection means and generates an improved wobble signal by 
subtracting said filtered elementary signals from said wobble signal. 

The invention works adaptively and it allows to cancel any noise originating 
from high-frequency data written on tracks over the full bandwidth regardless of the spectral 
relationship between the noise signal and the wobble signal. The only assumption made in 
the invention is that the noise signal is a filtered version of the data signal. 

In a first embodiment of the invention, data recovery means are provided for 
generating a data signal from said at least two elementary signals, and the adaptive filter uses 
filtering coefficients chosen so as to minimize the cross-correlation between said improved 
wobble signal and said data signal. In this embodiment the adaptation is driven by a 
decorrelation mechanism. With this embodiment any undesired signal can be removed from 
the wobble signal as far as the pure wobble signal is uncorrected with this undesired signal. 

In a second embodiment of the invention, the adaptive filter uses filtering 
coefficients chosen so as to minimize the difference between a scaled version of the 
improved wobble signal and a reference wobble signal reconstructed on the basis of the 
generated wobble signal. In this second embodiment an undesired signal may be removed 
from the wobble signal even if correlated to the wobble signal. This embodiment is more 
complex and it introduces a delay because the reference wobble signal has to be 
reconstructed on the basis of the results of the wobble detection before the adaptation starts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the invention are further described with reference to 
the following drawings: 

- Fig.l is a schematic representation of a data carrier having wobbled tracks, 

5 - Fig.2 is an example of an apparatus according to the invention for reading and/or writing 
data from and/or onto a data carrier, 

- Fig.3 is a block diagram of a first embodiment of a wobble processing circuit according to 
the invention, 

- Fig.4 is a block diagram of a second embodiment of a wobble processing circuit according 
1 0 to the invention, 

- Fig.5 is a detailed block diagram of an example of wobble processing circuit according to 
the invention, and 

- Fig. 6 is a typical example of the frequency spectrum of a wobble signal before and after the 
processing according to the invention. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig.l shows an inscribable data carrier 1, Fig.l A being a plan view, Fig. IB 
showing a small part in a sectional view taken on a line b-b, and Fig. 1C showing a portion 2 
of the data carrier in a larger scale. The data carrier 1 of Fig.l is a disc having tracks forming 
20 each a 360° turn of a spiral line 3. Each track comprises a groove 4 and a land 5. For the 
purpose of recording data, the data carrier has a recording layer 6 which is deposited on a 
transparent substrate 7 and which is covered by a protective coating 8. The data are recorded 
in the grooves 4. The tracks are scanned by a radiation beam that enters the data carrier 
through the substrate 7. 

25 As represented in Fig.lC, the tracks have a continuous sinusoidal deviation 

from their average centerline. This sinusoidal deviation is called wobble. In some 
implementations, the wobble is used for tracking (keeping the spot on the tracks) as an 
alternative to the known "one-spot push-pull" or "3-spot push-pull" methods. This is not 
mandatory. In some standards, the wobble is modulated to carry addressing information. For 

30 example in DVD+RW, DVD+R and DVR (Blue-Ray) the wobble is phase-modulated. In 
DVD-RW it is frequency modulated. 

Fig.2 shows an example of apparatus for reading / writing data from / onto the 
data carrier 1. The apparatus of Fig.2 comprises a radiation source 10, for example a 
semiconductor laser. The radiation source 10 generates a beam 1 1 that is directed onto a track 
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of the data carrier 1 by means of an optical system comprising, inter alia, a focusing objective 
12. The beam 1 1 produces a small spot 13 on the data carrier 1. For the spot 13 to scan the 
tracks, the data carrier is rotated about a shaft 14 by a motor 15 in a conventional manner. 
The beam 1 1 is reflected by the data carrier 1. The projected and reflected beams are 
5 separated one from the other by a beam splitter 16 (for example a partially transparent 

mirror). The reflected radiation beam 17 is passed on to a quadruple photo detector 20 having 
a radiation-sensitive surface divided into four quadrants Q A , Qb, Qc and Q D . 

The detector 20 generates four photocurrents A, B, C and D (also called 
elementary signals) corresponding to the power of the radiation incident on each of the four 
10 quadrants of the radiation-sensitive surface. These four elementary signals A, B, C, D are 
passed on to data / wobble recovery means 22. They are also passed on to a wobble 
processing circuit 24 in accordance with the invention. The data / wobble recovery means 22 
generate a data signal HF=A+B+C+D, and a difference signal PP=A+B-C-D. 

The data signal HF is passed on to the wobble processing circuit 24 in certain 
15 embodiments of the invention, as will be apparent in the following of the description. 

The difference signal PP is passed on to a low-pass filter 25 which blocks the 
signal components caused by the wobble (the signal components caused by the wobble are 
beyond the tracking bandwidth). After filtering the difference signal is fed to a servo circuit 
26 responsible for controlling the position of the spot 13 in a direction perpendicular to the 
20 direction of the tracks (the servo circuit 26 controls either the position of the optical system 
or the position of the focusing objective 12). 

The difference signal PP is also passed on to the wobble processing circuit 24. 
The wobble processing circuit 24 generates an improved wobble signal IPP from which the 
data-to-wobble crosstalk has been removed. The improved wobble signal IPP is passed on to 
25 a demodulation circuit 27 responsible for extracting the addressing information carried by the 
wobble signal. This addressing information is passed on to a microprocessor 28. This 
addressing information is used, for example, by the microprocessor 28 to derive the current 
position of the spot 13 on the data carrier 1. During reading, erasing, or writing, the 
microprocessor 28 can compare the current position of the spot 13 with a desired position and 
30 determine parameters for a jump of the optical system to the required position. The 
parameters of the jump are fed to the servo circuit 26. 

The data Din to be written on the data carrier 1 are modulated by a modulation 
c:rcu:t 29 and fed to the microprocessor 28. The microprocessor 28 synchronizes the data Din 
•*.-«rlMc addressing information generated by the demodulation circuit 27 and generates a 
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control signal passed on to a source control unit 30. The source control unit 30 controls the 
optical power of the beam 1 1 emitted by the radiation source 10, thereby controlling the 
formation of marks in the grooves of the data carrier 1. 

Fig.3 is a block diagram of a first embodiment of a wobble processing circuit 
5 according to the invention. The wobble processing circuit of fig.3 comprises a set 40 of four 
adaptive filters FA, FB, FC and FD, a coefficients calculation block 42, and a subtracting unit 
44. The elementary signals A, B, C and D are fed to the adaptive filters FA, FB, FC and FD 
respectively. The subtracting unit outputs an improved wobble signal IPP: 
IPP = pp-[FA*A+FB*B + FC*C+FD*D] 

10 The data signal HF and the improved wobble signal IPP are fed to the 

coefficients calculation block 42. The coefficients calculation block 42 is responsible for 
calculating the coefficients of each of the four filters FA, FB, FC and FD by minimizing a 
cost function J: 

J(FA, FB, FC, FD) = { E {IPP x HF}} 2 

15 where E { ) is the mathematical expectation. This cost function J gives the cross correlation 
between the improved wobble signal IPP and the data signal HF. 

Classically, the cost function J is minimized by using the gradient algorithm: 

FA(k+l) = FA(k) +MA *f- "PW^">>>1 

L 3FA JFA=FA(k) 

]fb=fb(i<) 

FC(k + l) = FC(k) + Mc x ra(FA,FB,FC,FD))-| 
20 L dFC JFC=FC(k) 

FD(k + l) = FD(k) +|JD X MWB,FC,FD))-| 

L SFD JFD=FD(k) 

where: 

aJ(FA, FB, FC, FD) gJ(FA, FB, FC, FD) dJ(FA,FB, FC,FD) 3J(FA, FB, FC, FD) 

aFA ' aFB ' aFC 9FD ~ are the gradients of 

J(FA, FB, FC, FD) with respect to FA, FB, FC and FD respectively, 

25 . PA / Mb # Mc / an d Md are convergence factors that control the stability and the rate of 
adaptation, 

- and k is the time index. 



FB(k + l) = FB(k) + M B J-gESaSEll 
L J F 
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In practice, for executing the gradient algorithm, the instantaneous value of 
(IPPxHF) 2 rep i aces t he mathematical expectation { E {lP p *HF}} 2 that ig un^^ a pr j 0 ri. 

Fig.4 is a block diagram of a second embodiment of a wobble processing 
circuit according to the invention. The wobble processing circuit of Fig.4 comprises a set 50 
of four adaptive filters FA, FB, FC and FD, a coefficients calculation block 52, and a 
subtracting unit 54. The elementary signals A, B, C and D are fed to the adaptive filters FA, 
FB, FC and FD, respectively. The subtracting unit outputs an improved wobble signal IPP: 

ipp=pp-[fa*a+fb*b+foc+fd*d] 

The improved wobble signal IPP is fed to the coefficients calculation block 52. 
In this embodiment the cost function J to be minimized by the coefficients calculation block 
52 is defined as follows: 

JCFA.FB^FCFaq) = E {(qxIPP-PP REF )2) where . 

- q is a constant to be decided together with FA, FB, FC and FD by using the gradient 

q(k.l) = q(k) + p q J-^ FB ^ ro ^»1 
algorithm L ^ J q=q(k) 

- and Pref is a reference wobble signal that is reconstructed on the basis of the results of the 
wobble detection (a result of the wobble detection is a value above zero or below zero for a 
phase-modulated wobble, a positive value corresponds to a sine wave of one-period while a 
negative value corresponds to an anti-phase sine wave of one period ; by assembling these 
one period sine waves end to end, an ideal sine wave is rebuilt that is used as the reference 
signal PPref). 

In practice, for executing the gradient algorithm, the instantaneous value of 

(q x IPP - PPrep ) 2 rep j aces the mathematical expectation { E fa x Ipp " PP *EF }} 2 that is unknown a 
priori. 

A first alternative embodiment uses two filters FAB and FCD instead of the 
above sets 40 and 50 of four filters, so that the improved wobble signal IPP is defined by the 
following relation: 
IPP = PP-[FAB*(A + B) + FCD*(C + D)] 

A second alternative embodiment uses one single filter F instead of the above 
cstc 40 and 50 of four filters, so that the improved wobble signal IPP is defined by the 
following relation: 

ipp = pp-[f*hf] 



F(k + l)*F(k) + M -- df 
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These alternative embodiments are used if the four elementary signals A, B, C 
and D are not individually available (for example if the detector is a two-quadrant detector). 
They may still be chosen if the four individual elementary signals are available in order to 
limit the calculations. 

Fig.5 gives an implementation of a wobble processing circuit according to the 
invention in which a single filter F is used. In the implementation of fig.5, the gradient 

algorithm is executed by replacing the mathematical expectation ( E { IPPxHF }} 2 w ith the 

instantaneous value of ( IPPxHF ) 2 which means that: 
a[!PP(k).HF(k)] 2 " 

JF=F(k) (1) 
10 where: 

F(k)=[R N (k), ...,F 0 (k),..., F N (k)] T is the vector of the coefficients of the filter F at time index 
k, 

HF(k)=[HF(k-N), . . HF(k),. . HF(k+N)] T is the data vector at time index k, 
IPP(k)=PP(k)-F(k).HF T (k) (2) 

1 5 and L J denotes the transpose operation. 
Equation (1) can be rewritten as follows: 

F(k + l)*F(k) + 2p. HF 2 (k).IPP(k).iJF(k) ^ 

Fig.5 is a transcription of equations (2) and (3). The wobble processing circuit 
depicted in figure 5 comprises: 
20 a sample rate converters SRC1 for sampling the input wobble signal PP at a frequency 

f c advantageously lower than the data bit rate ft>, 

a sample rate converters SRC2 for sampling the data signal HF at a frequency f c 
advantageously lower than the data bit rate f b , 

multiplication means M0 for multiplying the data vector HF T (k) with the vector of the 
25 filter coefficients F(k), 

subtracting means SUB for subtracting the number generated by the multiplication 
means M0 from the input wobble sample PP(k), thereby generating the improved wobble 
sample IPP(k), 

addition means ADD, delay means q 1 , multiplication means M1-M2-M3-M4 for 
30 implementing the recursive calculation of the adaptive filter coefficients. 
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Advantageously, the cross-talk cancelling according to the invention may 
work at a frequency f c lower than the data bit rate f b . The sampling rate f c can be chosen 
smaller than f b as long as the performance of the wobble detection is not degraded. The lower 
the sampling rate for the wobble signal the less the coefficients to describe the filter(s). 
5 Therefore by reducing the sampling rate, the number of coefficients can be reduced as well, 
which leads to a decrease of both the complexity of the implementation and the power 
consumption. 

In particular, dealing with DVD+RW disc format, the input wobble signal PP 
and the data signal HF are advantageously sampled at a frequency f c = f b / 4, i.e. four times 
10 lower than the data bit rate f b . In these conditions, the filter(s) may comprise three 
coefficients only. 

Preferably, for the DVD+RW format, the embodiment of figure 5 will be used, 
where the filter F has three coefficients only: Fi(k), F 0 (k) and F,(k) with Ri(0)=l, F o (0)=0 
and Fi(0)=-1 as initial values. Alternatively, more coefficient may be used, some of them 
15 being non-adaptive. The number of coefficients defining the filter F varies according to the 
sampling frequency and the cause of cross talk. In particular, the span N decreases as the 
sampling frequency f c decreases compared to the data bit rate f b . 

In Fig.6 the general form of the frequency spectrum of a wobble signal PP and 
its corresponding improved wobble signal IPP are represented (the Y-axis indicates the 
20 power and the X-axis indicates the frequency). It can be seen from these curves that the noise 
is significantly decreased over the full bandwidth in the improved wobble signal. 

It is to be noted that the wobble processing method of the invention can be 
implemented either in hardware or in software on a digital signal processor. 

With respect to the described processing method, optical unit, and 
25 reading/writing apparatus, modifications or improvements may be proposed without 

departing from the scope of the invention. The invention is thus not limited to the examples 
provided. 

In the embodiment described with reference to Fig.2, the wobble is a 
modulated signal used to carry location information but not for tracking. This is not 
30 restrictive. The data-to-wobble crosstalk is due to radial asymmetry introduced in the 

diffraction pattern on the detector. This asymmetry is independent of the wobble itself. It 
appears in pure periodic wobbles as well as in frequency or phase-modulated wobbles. Thus 
the invention is applicable independently of the type of wobble signal (pure periodic or 
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modulated wobble signal) and independently of the way the wobble signal is used in the 
reading and/or writing apparatus (used for tracking and/or carrying information). 

The invention is not limited to the above-mentioned cost functions. Any cost 
function indicating the amount of data leakage to the wobble signal may be used. 
5 The embodiment of Fig. 2, 3 and 4 use a quadruple photo detector. This is not 

restrictive. For example, a double photo detector having a dividing line running parallel to the 
direction of the tracks to be scanned may be used instead of a quadruple photo detector. 

The word "comprising" does not exclude the presence of other elements or 
steps than those listed in the claims. 



